Background: In the last several years, the lateral transpsoas approach to the thoracic and lumbar spine, also known as extreme lateral interbody fusion (XLIF) or direct lateral interbody fusion (DLIF), has become an increasingly common method to achieve fusion. Several recent large series describe several advantages to this approach, including less tissue dissection, smaller incisions, decreased operative time, blood loss, shorter hospital stay, reduced postoperative pain, enhanced fusion rates, and the ability to place instrumentation through the same incision. Indications for this approach have expanded and now include degenerative disease, tumor, deformity, and infection. Methods: A lateral X-ray confirms that the patient is in a truly lateral position. Next, a series of tubes and dilators are used, along with fluoroscopy, to identify the mid-position of the disk to be incised. After continued dilation, the optimal site to enter the disk space is the midpoint of the disk, or a position slightly anterior to the midpoint of the disk. XLIF typically allows for a larger implant to be inserted compared to TLIF or PLIF, and, if necessary, instrumentation can be inserted percutaneously, which would allow for an overall minimally invasive procedure. Results: Fixation techniques appear to be equal between XLIF and more traditional approaches. Some caution should be exercised because common fusion levels of the lumbar spine, including L4-5 and L4-S1, are often inaccessible. In addition, XLIF has a unique set of complications, including neural injuries, psoas weakness, and thigh numbness. Conclusion: Additional studies are required to further evaluate and monitor the short and long-term safety, efficacy, outcomes, and complications of XLIF procedures.
INTRODUCTION
The minimally invasive lateral transpsoas approach to the lumbar and thoracic spine, also known as extreme lateral interbody fusion (XLIF) or direct lateral interbody fusion (DLIF), was first described in 2001. [44, 49] This technique has become an increasingly popular approach for achieving interbody fusion. The reported advantages include minimally invasive access to the spine, less blood loss compared to open procedures, decreased operative times, shorter hospital stays, and less postoperative pain. [20, 43, 44] The lateral transpsoas approach has been used in the management of adult degenerative disease as well as degenerative scoliosis. [1, 2, 6] Total disk replacement has also been achieved via this technique. [48] Biomechanical studies have shown equivalency between XLIF and anterior approaches to the lumbar spine. [27, 38] 
BACKGROUND

Differences between the lateral transpsoas approach, anterior lumbar interbody fusion, posterior lumbar interbody fusion, and transforaminal interbody fusion
The lateral transpsoas procedure differs from traditional anterior lumbar interbody fusion (ALIF), traditional posterior lumbar interbody fusion (PLIF), and transforaminal lumbar interbody fusion (TLIF) in several important ways [4, 22, 30, 31, 36, 37, 53, 54, 56, 59, 68, 70, 71] [ Table 1 ]. In the lateral transpsoas procedure, the patient is placed in the lateral decubitus position rather than being prone. Neural monitoring, including electromyography (EMG), is mandatory with the XLIF, because it employs a musclesplitting technique that exposes the lumbar plexus to potential injury. [5, 37, 63] In fact, injury to this plexus is one of the main risk factors of this procedure. [5, 35, 41] 
METHODS OF THE LATERAL TRANSPSOAS APPROACH TO THE SPINE
Monitoring and x-ray confirmation of proper positioning
After the patient is properly positioned and the appropriate surgical area is localized, electrodes are placed that correspond to the myotomes L2-L5. Stimulation is then performed to achieve adequate twitch strength, allowing for accurate and reproducible EMG recordings.
A lateral X-ray confirms that the patient is in a truly lateral position.
Performing the lateral transpsoas approach utilizing multiple tubes/dilators
Several techniques utilize the XLIF approach to the disk space. A series of tubes and dilators are used, along with fluoroscopy, to identify the mid-position of the disk to be incised. The first dilator is introduced through a small incision, and from a second small posterior incision, the surgeon's index finger directs the dilator through the retroperitoneal space to the psoas muscle.
Positioning of the dilator and exposure for the lateral transpsoas approach
The surgeon's index finger, now in the retroperitoneal space, guides the dilator from the first incision to the psoas muscle, taking care not to injure the intraabdominal organs. The fibers of the psoas muscles are separated with the initial dilator, and the neural monitoring system can evaluate how close the dilator is to the lumbar nerve roots, which is a critical step in guarding against neural injury. The closer the tip of the electrode is to a nerve, the greater the current adjacent to the nerve. However, direct vision of the surgical field may reveal nerve tissue that does not respond to customary EMG stimulation. This stimulation usually localizes the lumbosacral plexus to the inferior posterior quadrant of the dilator tube over the lateral disk space. Thus, with continued dilation, the optimal site to enter the disk space is the midpoint of the disk, or a position slightly anterior to the midpoint of the disk.
Application of the retractor for the lateral transpsoas approach
After the second and then third dilators are introduced over the initial dilator, a retractor is inserted over the last dilator and fixed in place to the operating room table.
The retractor is then opened to the surgical field over the disk space and neural monitoring is again checked to assure the neural elements are not being stretched across the operative field.
Disk excision utilizing the lateral transpsoas approach
The disk can now be incised and removed. Fluoroscopy is useful to ascertain the depth to which the disk is resected;
XLIF typically allows for a larger implant to be inserted compared to either TLIF or PLIF. If instrumentation is necessary, it can be inserted percutaneously, which will allow for an overall minimally invasive procedure. Ozgur et al. provides a comprehensive discussion of the details of XLIF. [44] 
ANATOMY
Definition of "safe" working zones for the lateral transpsoas approach
Because nerve injury during the transpsoas approach is the most common and potentially the most devastating complication of the XLIF procedure, [28, 37] several studies have looked at defining "safe" working zones. These studies have included cadaver, [5, 41, 47, 65] electrical, [66] and radiographic [24, 25, 51] evaluations.
Cadaver studies for the lateral transpsoas approach
Several cadaver studies defined the anatomy of the lumbar plexus and proposed an appropriate working space where dilators could be placed at each level of the lumbar spine. [5, 41, 47, 65] The position of the lumbar plexus and the location of where the genitofemoral nerve emerged into the abdominal space were identified [ Figures 1 and 2] . Generally, these studies showed that when approaching the lumbar spine from L3, L2, or L1, the psoas muscle should be split into the ventral three-quarters of the vertebral body (VB) to avoid nerve injury. [24] There is risk to the genitofemoral nerve if the psoas major muscle is split at L3 or L4. The lumbosacral plexus is most dorsally positioned at the posterior endplate of L1-2, with a general trend of progressive ventral migration of the plexus on the disk space from L2-3 to L4-5.
Placing the dilator or retractor in a posterior position may result in nerve injury, especially at L4-5. [5, 32, 47] Uribe et al. discussed the potential of injury to the ilioinguinal, iliohypogastric, and lateral femoral cutaneous nerves in the retroperitoneal space. [65] Hu et al. showed similar findings in a magnetic resonance imaging (MRI) study. [29] EMG monitoring during surgery is essential to preventing neural injury during the XLIF. [63] 
RESULTS OF XLIF SURGERY
Levels and limitations of XLIF surgery
The most common XLIF procedure involves treatment of one disk level, although four-and five-level disease has been treated with this approach. The L5-S1 disk space is usually inaccessible due to the presence of the sacrum, and nearly half the time the L4-5 interspace is similarly obscured. [10, 61] Smith et al. also found that approaching a lumbarized sacrum via this approach was a relative contraindication. [61] 
Multiple indications for XLIF surgery
The majority of XLIF procedures are performed for degenerative conditions, including spondylolisthesis, herniated disk, degenerative disk disease, postlaminectomy kyphosis, adjacent segment disease, and degenerative scoliosis. Rarely has the procedure been used to treat osteomyelitis or tumor [ Table 2 ].
Most common indication for XLIF (degenerative lumbar disease) and outcomes
One of the most common indications for XLIF is degenerative disease of the lumbar and thoracolumbar spine. Ozgur et al., in advancing the technology from endoscopy to the XLIF, published the first feasibility study in 2006. [44] They reported no complications in their first 13 patients, although surgical indications were not discussed.
Fusion rates and outcomes after XLIF surgery
The bulk of the large series detailing outcomes and complications for XLIF were published in the past few years. Most of these studies were retrospective, and surgical procedures were typically performed at one or two levels accompanied by supplemental fixation (plates or pedicle screws) [37, 42, 43, 45, 52, 53, 55, 71] [Table 3A ]. Knight et al. published an early complication profile in 2009 in which 58 patients underwent mostly one-and two-level fusions for degenerative lumbar disease. [37] There was a 22.4% overall complication rate, and most complications were approach related. Significantly, two patients continued to have L4 motor deficits one year after surgery. Clinical outcomes were not discussed in more detail.
Complications after XLIF surgery
Rodgers et al. further assessed fusion rates and patient outcomes in 66 patients one year after surgery; 96.6% of levels were judged as fused on CT scan, with nearly 90% of patients "satisfied or very satisfied." [55] Complications other than those described in their previous reports were not discussed in this series. [52, 53] Ozgur et al. reported a series of 62 patients who had twoyear follow-up following XLIF. [45] They reported a 91% fusion rate and 75% frequency of "clinical success" (ODIchange definition). There was a 19% minor complication rate. The most frequent complication was hip flexion weakness that typically resolved within six weeks after surgery. Additionally, one patient with pseudarthrosis required revision surgery.
Complication rate for XLIF in obese patients not increased
Rodgers et al. reported on a series of 156 obese patients who underwent XLIF and found that they were no more likely to experience complications than the nonobese patients. [53] However, the obese patients had • Approach-related complications (9):
• Ipsilateral L4 nerve root injury (2) (both showed continued motor deficits at 1 year postop);
• Meralgia paresthetica due to irritation of the LFCN (1) (significant paresthesias at 1 year but no adverse effects);
• Significant psoas muscle spasm requiring extended LOS (1); • Implant bone interface failure with implant subsidence requiring reoperation (1); • Approach-related complications in the obese: VB fractures
(2) (1 pt. required posterior stabilization for VB fracture with subsidence of interbody graft); nerve injury (1); hardware failure (2);
• Approach-related complications in the nonobese: VB fracture (1); nerve injury (3); incisional hernia (1); hardware failure (1); recurrent stenosis after cage subsidence (1) (repaired with posterior decompression);
XLIF has no greater risk of complication in obese patients.
Contd... Postop complication rate 6.1%:
• Nondisplaced bilat. pedicle fracture (1) (braced); • Ipsilateral psoas weakness and numbness (1) (resolved by 7 weeks);
• Endplate fracture (1) (braced); • VB fracture (1) (revision corpectomy); • Subsidence of adjacent plates (1) (no treatment required); • ASD (2) (1 had adjacent level decompressive laminectomy, other treated nonoperatively);
• Pyelonephritis (1) (had antibiotics and catheter) Contd... (2); decompression (1); and/or posterior intertransverse fusion (2); hardware (2, both had posterior PS fixation); hernia (1), subcutaneous hematoma (1); GI (1); renal (1) also: GI (7), respiratory (7), cardiac (6), renal (2), hematologic (1) Pimenta et al.
(2011) [ (5) and anterior thigh numbness (3) (resolved by 2 weeks);
• Leg weakness ipsilateral to approach side (1) (resolved by 6 months);
• Quadriceps hypertrophy contralateral to approach side at 12 months (1) (resolved by 2 years);
• TDR device removal and revision to fusion (2) Contd... (13); L1-L2 (1); L2-L3 (2); L3-L4 (4); L4-L5 (9); L3-L5 (4); L2-L4 (2); L1-L3 (1); L2-L5 (8); L1-L5 (7); T11-L3 (1); T11-L5 (1); T12-L4 (1) XLIF with supplemental PS fixations (17) 3.5 days (standalone XLIF), 3.9 days (XLIF with PS fixation) 14.7 months (range 1.5--50 months) major complications (5, 7.4%, overall low rate):
• XLIF interbody graft subsidences (4); 3 were symptomatic:
(1 had vertebroplasty, 2 had posterior PS supplementation, 1 had posterior microendoscopic decompression);
• ASD at 1 year postop (1) (had fusion extension); minor complications (17, 25.0%):
• Intraoperative dural tear (2) (surgical repair); • Remote compression fracture (1) (had kyphoplasty); • pedicle fracture (1) (supplemented with PMMA); also: ileus (3); urinary retention (2); UTI (1); hypotension (1); anemia requiring transfusions (6) Le et al. (2012) [39] • [43] Although all patients achieved solid fusion, two (13.3%) required repeat surgery. One secondary procedure addressed excessive (ectopic) bone formation that led to nerve root compression, which is a commonly described complication directly attributable to rhBMP-2/INFUSE ® Bone Graft. The other secondary procedure addressed the failure of "indirect decompression" attributed to congenital small pedicles. Otherwise, all patients experienced significant improvement utilizing standard outcome measures. Furthermore, the average hospital length of stay was a remarkable 30 hours.
Dramatic increase in use of rhBMP-2 (INFUSE ® ) in the last decade
The use of rhBMP-2 in spinal fusion surgeries increased dramatically in the last decade. The results of preliminary human trials of rhBMP-2 in lumbar fusion were published in 2000 and 2002, and neither study reported any adverse events directly related to rhBMP-2. [8, 9] From 2003 to 2009, several industry-sponsored or industry-associated studies again reported no adverse events directly related to rhBMP-2. [11] [12] [13] [14] 19, 21, 23, 26] 
Safety concerns regarding rhBMP-2 (INFUSE ® ) since 2002
As early as 2002, however, safety concerns regarding the use of rhBMP-2 in spine fusions were reported. [16, 50] These safety issues included bony overgrowth or uncontrolled bone formation (heterotopic ossification), graft subsidence, loss of fixation, inflammation, infection, cancer risk, toxicity (local, systemic, and reproductive), neurological events/deterioration, retrograde ejaculation, radiculitis, and functional loss. [16, 50] Despite those concerns, the nationwide usage of rhBMP-2 (INFUSE ® ) in spine fusions increased from 0.7% in 2002 to 24.3% in 2006. [15] 
Intense scrutiny of rhBMP-2 (INFUSE ® ) since 2006 by United States Food and Drug Administration
In 2006, the first of a series of studies describing serious complications associated with the use of rhBMP-2 was published. [62, 67] Soon rhBMP-2 and its manufacturer, Medtronic Inc. (Memphis TN, USA), came under intense scrutiny by the FDA, the U.S. Justice Department, and a U.S. Senate Committee.
In 2009, Cahill et al. conducted a retrospective cohort study of 328,468 patients who underwent spinal fusion procedures, including 17,623 patients in whom rhBMP-2 was used. The authors found that rhBMP-2 use in thoracic and lumbar fusions was not associated with any increased frequency of postoperative inpatient complications.
(Notably, delayed outpatient complications were not analyzed.) [15] In 2011, Carragee et al. reported revised estimates of the risks of adverse events associated with the use of rhBMP-2 in various types of spinal fusions. [16] They calculated a 25-50% risk of rhBMP-2-associated adverse events occurring in PLIF, including osteolysis, graft migration, subsidence, cyst formation, and neuritis. They calculated a 10-15% risk of rhBMP-2-associated adverse events occurring in ALIF (for which it was FDA approved), including the above events as well as urinary retention and retrograde ejaculation.
XLIF indirect decompression of nerve roots in patients with degenerative disk disease and stenosis
Oliveira et al. also looked at the ability of XLIF procedures to indirectly decompress nerve roots in a small series of patients with degenerative disk disease and stenosis. [43] They noted substantial dimensional improvement on all radiographic parameters in 15 patients undergoing standalone XLIF. However, three patients had transient psoas weakness and two patients required another operation for decompression. The authors noted that XLIF provided adequate neural decompression for central or lateral stenosis but that this approach may not be appropriate for congenital stenosis. Furthermore, implant subsidence may also limit the utility of XLIF in patients with stenosis.
Youssef et al. reported minimal complications, good fusion rates, and good patient outcomes with XLIF in their series of 84 patients with an average follow-up of 16 months. [71] A variety of complications of XLIF 
Complications of XLIF: transient neurological deficits and requirement for reoperations
Rodgers et al. reported on the largest series of XLIF procedures, and found a 6.2% complication rate in the early (six weeks) postoperative period in 600 procedures. [54] The authors noted shorter hospitalizations and fewer vascular, neurologic, or infectious complications compared with traditional open procedures; specifically, they observed four transient but no permanent neurologic injuries. The revision rate (reoperation rate) in their series of 1.8% was also comparable to that found in other series, and included five revisions for fractures, two for hardware, and two abdominal procedures. Similar results were reported in the other recent series [ Table 3A ].
Advantages of the XLIF approach with total disk replacement
Pimenta et al. concluded that the XLIF was safer and less invasive than the anterior approach (ALIF), demonstrated minimal morbidity (maintaining pain relief and functional improvement), avoided mobilization of the great vessels, preserved the anterior longitudinal ligament (ALL), resulted in biomechanical stability, and offered broader revision options. [48] When Pimenta et al. evaluated the clinical (pain and function) and radiographic ROM outcomes of a true lateral transpsoas (XLIF) approach for lumbar total disk replacement (TDR), they found that XLIF offered several advantages over the traditional anterior approach. [48] The authors prospectively evaluated 36 patients (mean age 42.6 years) with 1-or 2-level DDD who underwent TDR procedures and were followed for a minimum of 24 months, and observed that all patients were walking within 12 hours of surgery. Furthermore, at two years' follow-up, the average VAS and ODI scores had improved 69.6% and 61.4%, respectively; ROM averaged 8.6°, which was well within normal limits.
Neurological complications of the XLIF approach with total disk replacement
Nevertheless, in the Pimenta et al. study, significant neurological complications were observed following XLIF for TDR. For instance, five patients had new psoas weakness and three had new anterior thigh numbness; fortunately, both conditions resolved within 2 postoperative weeks. However, one patient had leg weakness ipsilateral to the approach side which required 6 months to resolve, while another patient had quadriceps hypertrophy contralateral to the approach side which required 12 months to resolve. In two cases, removal of the TDR device and revision to fusion were required for pain that failed to resolve within 2 postoperative years.
Outcomes and complications of XLIF utilized to address scoliosis, tumors, prior fusions, thoracic disks, and discitis/osteomyelitis
Karikari et al. evaluated clinical, radiographic, operative, postoperative, and functional outcomes of 22 patients (mean age 64.6 years) treated with XLIF for various conditions including degenerative scoliosis, pathological fractures from tumors, adjacent level disease from prior fusions, thoracic disk herniations, and discitis/ osteomyelitis. [34] In patients treated for degenerative scoliosis, the mean preoperative and postoperative coronal Cobb angles were 22°and 14°, respectively. The mean preoperative and postoperative sagittal angles were 39 and 44, respectively, and the average estimated blood loss and length of stay were 227.5 mL and 4.8 days, respectively. There were three complications that required reoperations: wound infection, subsidence, and adjacent level disease. There were no neural, vascular, or visceral injuries, or deaths. At a mean follow-up of 16.4 months (range 3-50 months), they observed a 95.5% substantial clinical benefit. All patients at 6-month follow-up (95.5%) demonstrated radiographic evidence of fusion. The authors concluded that the XLIF technique was a feasible and safe treatment option for thoracic spine diseases with minimal complications and favorable initial outcomes. Although traditional open approaches achieve a higher degree of deformity correction, the reduced invasiveness of XLIF may be more tolerable for the elderly and for patients with significant medical comorbidities.
Results of minimally invasive interbody fusion (XLIF, TLIF) in the elderly
In a companion study published the same year involving minimally invasive interbody fusions (41 cases of XLIF and 27 cases of TLIF), Karikari et al. evaluated the rate of perioperative and postoperative complications in the elderly. [33] Sixty-six consecutive patients, aged 70 years or older (mean age 74.9 years, range 70-86 years), underwent minimally invasive interbody lumbar fusion; the mean follow-up interval was 14.7 months (range 1.5-50 months). The authors found a low rate of major complications, including four cases of interbody graft subsidence and one case of adjacent level disease. There were no intraoperative medical complications nor any myocardial infarctions, pulmonary embolisms, hardware complications requiring removal, or wound infections, nor were there any major visceral, vascular, or neural injuries, or deaths. The authors concluded that although the effects of even minor complications can be more pronounced in elderly patients (age 70 and older), complex minimally invasive interbody fusion in patients 70 years or older is safe and well tolerated, without significant morbidities or mortality.
C o m p l i c a t i o n s o f m i n i m a l ly i nva s ive thoracolumbar XLIF instrumented fusions
Le et al. investigated hardware-associated complications in 101 patients who underwent minimally invasive lateral interbody thoracolumbar fusions using lateral plates for multilevel fusions or deformity correction. [39] The authors found a 5.9% complication rate which included three hardware failures, two coronal plane VB fractures, and one lateral VB fracture related to the lateral plate. All complications occurred in multilevel cases, and all cases presented with recurrent back pain except one which was identified incidentally. The authors concluded that minimally invasive lateral interbody fusion is a safe, practical, and direct technique that avoids the complications associated with other types of instrumentation.
Clinical outcomes and complications of XLIF
Berjano et al. reported on the clinical outcomes and complications in 97 consecutive XLIF cases with a minimum 6-month follow-up (mean 12 months). [7] Transient thigh discomfort/numbness was observed in 9%, and transient neurological symptoms presented in 7% of cases; all conditions resolved within one postoperative month. No instances of permanent neurological impairment, vascular or visceral injuries, or wound infections were observed. The authors acknowledged a 92% clinical success rate six months postoperatively. The authors concluded that XLIF is a safe and effective minimally invasive technique for treating lumbar and thoracolumbar spinal pathologies requiring anterior spinal fusion.
Degenerative scoliosis: another indication for XLIF
In the last few years, surgeons have expanded the indications for XLIF to include degenerative scoliosis. Due to the nature of this disease, deformity procedures tend to involve several levels of fixation. Anand et al. published a feasibility study in 2008, reporting on their first 12 scoliotic patients; surgical procedures involved an average of 3.64 segments and an average 13° correction per patient. [2] All patients underwent percutaneous pedicle fixation, and all patients requiring sacral fusion underwent AxiaLIF ® (axial lumbar interbody fusion, TranS1, Inc., Wilmington, NC, USA); all procedures utilized rhBMP-2 to supplement the fusions. There were no permanent postoperative complications. Two years later, these same authors reported on their mid-term and long-term results for degenerative scoliosis; all 28 patients fused and maintained their immediate postoperative correction. [3] Complications were minimal and clinical outcomes were good, despite a mean length of stay/ hospitalization (LOS) of ten days.
Similarly, Dakwar et al. reported on a series of 25 patients who underwent XLIF for thoracolumbar degenerative deformity. [18] Although sagittal balance was not corrected in one-third of the patients, clinical outcomes were acceptable and were accompanied by minimal longterm complications over an average 11-month follow-up interval. Wang and Mummaneni published a comparable series [69] and achieved an average 20° correction, which was a greater deformity correction than that reported by Dakwar et al. [18] Their fusion rates were excellent, despite a higher complication rate of 30%. Although symptoms resolved in all but one patient, two patients required revision surgery -one for cerebrospinal fluid (CSF) leak and one for hardware failure.
Comparison of outcomes/morbidity of XLIF and TLIF for scoliosis
In a small study, Tormenti et al. compared the surgical treatment of adult scoliosis utilizing the XLIF approach (eight patients) vs. standard posterior-only TLIF (four patients). [64] Patients in the XLIF group achieved greater deformity correction but had more extensive complications, including bowel injury requiring laparotomy (one patient), permanent motor radiculopathy (one patient), and persistent sensory symptoms (five of six patients).
Morbidity of XLIF for deformity/scoliosis
Neural decompression and fusion in patients with adult degenerative scoliosis presents a surgical challenge. Recent studies on surgical treatment of adult scoliotic deformity have found that the lateral transpsoas approach, when compared to traditional open approaches, results in less blood loss, shorter lengths of stay, and earlier mobilization, along with lower rates of infection and fewer transfusions. [2, 3, 18, 31, 52, 64, 69] Nevertheless, these studies also observed more early reoperations and more major complications. [2, 3, 18, 31, 52, 64, 69] XLIF resulted in excellent deformity correction for scoliosis Acosta et al. analyzed changes in coronal and sagittal plane alignment following XLIF for degenerative scoliosis and noted excellent results for deformity correction in both planes. [1] Clinical outcomes were also excellent, and included sufficient long-term follow-up results. The authors concluded that the direct lateral transpsoas approach, when combined with posterior fixation, resulted in statistically significant improvement in segmental, regional, and global coronal plane alignment in patients with degenerative lumbar conditions, including degenerative scoliosis. However, the authors also found that there were no statistically significant improvements in regional lumbar lordosis or global sagittal alignment. [1] 
Perioperative complications for XLIF with degenerative scoliosis
Isaacs et al. reported on perioperative complications in a prospective series of 107 patients treated for an average 4.4 level degenerative scoliosis. [31] The mean hospital length of stay was three days, and there was a 12.1% major complication rate. A lower major complication rate of 9% was seen for patients undergoing stand-alone XLIF or XLIF with percutaneous instrumentation, while a higher major complication rate of 20.7% was seen in patients undergoing XLIF with posterior instrumentation. Although the presence of at least one comorbidity increased the incidence of major complications, the strongest independent predictor of complications was the total number of levels treated per patient. The authors concluded that their rates of adverse events compared favorably to those cited in other degenerative deformity series [Table 3B ].
XLIF with total disk arthroplasty
Pimenta et al. extended the XLIF indications when they published a series of 36 patients who underwent this procedure for total disk replacement rather than for fusion. [48] The patients underwent either a one-or two-level lumbar arthroplasty, and the authors reported excellent results at two-year follow-up. There were no long-term complications, although two patients required revision to fusion due to persistent pain.
XLIF for osteomyelitis or tumor
In three earlier mentioned series, [34, 54, 71] patients underwent successful XLIF surgery for the treatment of osteomyelitis or tumor.
XLIF and asymptomatic pseudarthrosis
When Youssef et al. evaluated outcomes of 84 patients who underwent XLIF for various degenerative and deformity conditions, including one patient treated for tumor, the overall complication rate was 6.1%. [71] At an average of 15.7 months postoperatively, 68 patients demonstrated solid arthrodesis on both CT and dynamic radiographs, while the remaining 14 patients developed pseudarthrosis but without complications. Average pain and function scores (VAS and ODI) at one year were significantly improved over preoperative scores. Their results corroborated prior reports that XLIF is a safe and effective approach for lumbar fusion, and that it carries a low morbidity rate. Furthermore, patients maintain longterm improvement in pain and function as well as longterm improvement on radiographic measures.
Results of XLIF with supplemental posterior instrumentation
Rodgers et al. were the first to delineate complications in the early postoperative period (within the first six weeks) in 600 XLIF cases, 511 of whom underwent supplemental posterior instrumentation. [54] The XLIF procedure was utilized primarily for deformity and degenerative conditions, though one case of osteomyelitis was included as well. The authors noted an immediate 65% improvement in VAS pain scores. The overall early complication rate was 6.2%. When compared to traditional open posterior or anterior approaches, there were fewer total and fewer serious complications using the XLIF approach. The authors suggested that rare and transient postoperative neural deficits might be prevented in patients undergoing surgery at L4-L5 by the preoperative administration of dexamethasone before skin incision. L1-5 (6); L1-S1 (23); L2-5 (12); L2-S1 (10); L3-S1 (2); T10-S1 (8); T12-L5 (5); T12-S1 13.4 months (range 6--34 months); 84/86 treated levels showed evidence of fusion • Thigh numbness, pain, weakness, and dysesthesias on side of approach (7, 30.4%) (resolved in postop period in all but 1 who required assistive ambul. device);
• Reoperation required (2): CSF leak (1) (no obvious dural tear seen on re-exploration); screw pullout (1) (had fusion extension);
• D/C to rehab (7, 30.4%), the rest D/C to home;
• Minimal or no improvement in symptoms (3); also: atrial fibrillation (1) (medical mgmt); pneumothorax requiring chest tube and longer LOS (1) Contd... 
Perioperative morbidities for thoracic and thoracolumbar disease
Karikari et al. reported on perioperative morbidities and initial clinical, radiographic, operative, and functional outcomes in 22 patients who underwent XLIF for isolated thoracic and thoracolumbar diseases. [34] This series also included one patient treated for osteomyelitis and another two patients treated for pathologic fracture secondary to tumor invasion. [34] Only one patient in the series required supplemental posterior instrumentation. 
COMPLICATIONS OF XLIF
Although the most common complications following XLIF include thigh numbness, lower extremity radiculopathy with weakness, and pseudarthrosis, other unusual complications have been reported in smaller series or case reports [17, 28, 40, 44, 46, 60, 65, 71] [ Table 4 ]. Daffner and Wang reported a patient whose L3-L4 cage migrated one month after surgery. [17] Following cage revision utilizing a mini-open operation with lateral plate fixation, the patient fused and her leg pain resolved.
Contralateral femoral nerve compression following XLIF
Out of 14 patients who underwent XLIF, Papanastassiou et al. reported on two patients who developed the unusual complication of contralateral femoral nerve compression. [46] The first patient sustained a femoral nerve injury due to a displaced endplate fragment compressing the contralateral nerve, while the second patient developed a far lateral disk herniation. Although symptoms resolved in both patients following revision surgery, the authors cautioned against "overzealous" endplate removal in the opposite corner during surgery.
Ipsilateral nerve root injury during transpsoas approach for XLIF
Houten et al. described two patients who developed ipsilateral nerve root injuries during the transpsoas approach. [28] Neither deficit was detected on intraoperative EMG monitoring, leaving both patients with significant motor deficits that only partially recovered more than a year after surgery.
Failures and reoperations following XLIF with lateral fixation
XLIF has some significant technical shortcomings as indicated by the necessity for early reoperation to address chronic CSF leakage due to dural tears, infection, or [2] Anand et al. (2010) [3] Isaacs et al. (2010) [31] Ozgur et al. (2010) [45] Pimenta et al. (2011) [48] Sharma et al. (2011) [ [2] Anand et al. (2010) [3] Berjano et al. (2012) [7] Dakwar et al. (2010) [18] Le et al. (2012) [39] Ozgur et al. (2010) [45] Pimenta et al. (2011) [48] Rodgers et al. (2009) [52] Rodgers et al. (2011) [54] Sharma et al. (2011) [58] Tormenti et al. (2010) [64] Wang and Mummaneni (2010) [ [37] Rodgers et al. (2011) [54] Rodgers et al. (2010) [53] Quadriceps Quadriceps weakness Quadriceps palsy with vastus medialis weakness Quadriceps hypertrophy contralateral to approach side Anand et al. (2008) [2] Anand et al. (2010) [3] Pimenta et al. (2011) [48] Rodgers et al. (2011) [54] Sharma et al. (2011) [58] Dural Tear Intraoperative dural tear Incidental durotomy during posterior procedure Berjano et al. (2012) [7] Karikari et al. (2011) [33] Tormenti et al. (2010) [64] Wang and Mummaneni (2010) [69] Youssef et al. (2010) [71] 
Psoas
Psoas weakness Psoas hematoma Psoas muscle spasm requiring extended LOS Ipsilateral iliopsoas weakness Ipsilateral psoas weakness and numbness displaced implants and/or instrumentation. [54] Of 101 patients who underwent XLIF and lateral fixation, Le et al. observed six complications -three VB fractures and three instances of hardware failure. [39] Additionally, one patient in the hardware failure group and two in the fracture group required reoperation or secondary surgery. In another report, a 55-year-old male presented in shock to a tertiary care center 48 hours following an L2-3 XLIF. [57] Following blood transfusions and fluid for resuscitation, CT demonstrated a large retroperitoneal hematoma. An angiogram revealed a traumatic pseudoaneurysm of the left L2 radicular artery adjacent to the superior left lateral L2 screw, and the pseudoaneurysm was embolized. Ultimately, the patient's condition stabilized and he was discharged two days later.
CONCLUSIONS
Popularity and high fusion rates of XLIF
The XLIF procedure has gained significant popularity in the last decade and is likely to become even more popular in the next several years. Indications for its use have increased, and some traumatic lesions may soon be treated with this approach as well. XLIF has a similar fusion rate and outcome profile when compared with more invasive procedures, and, as technology advances, the XLIF may even surpass them. In addition, XLIF appears to be as equally cost-effective as standard interbody fusion procedures.
Unique complications of XLIF
XLIF has its own set of unique complications, and surgeons who continue to utilize this technique must remain vigilant to observe, record, and avoid potential pitfalls. As is true of any new surgical procedure, successful XLIF is based on thorough knowledge of the anatomy, proper patient selection, attention to detail regarding surgical technique, and appropriate preoperative planning. 
